Comparison on effect of EDTA and citrate mediated on luminescence property of Eu3+ doped YPO4 nanoparticles  by Devi, Heikham Farida & Singh, Thiyam David
Perspectives in Science (2016) 8, 267—269
Available  online  at  www.sciencedirect.com
ScienceDirect
jo ur nal homepage: www.elsev ier .com/pisc
Comparison  on  effect  of  EDTA  and  citrate
mediated  on  luminescence  property  of  Eu3+
doped  YPO4 nanoparticles
Heikham  Farida  Devi,  Thiyam  David  Singh ∗
Department  of  Chemistry,  NIT  Manipur,  Langol  795001,  India
Received  22  January  2016;  accepted  3  April  2016
Available  online  30  April  2016
KEYWORDS
Co-precipitation
method;
Non-agglomerated;
Emission  intensity;
Complexing  agent;
Tetragonal;
Hexagonal;
Charge  transfer
Summary  Nanoparticles  of  Eu3+ doped  YPO4 have  been  prepared  by  co-precipitation  method.
The structure,  morphology,  composition  and  photoluminescence  were  characterized  by  X-ray
diffraction  (XRD),  energy-dispersive  X-ray  spectroscopy  (EDS),  IR  Spectroscopy,  and  Scanning
electron microscopy  (SEM)  and  Photoluminescence  spectroscopy  (PL).  In  this  method  EG  was
used as  a  solvent,  tri  sodium  citrate  dihydrate  and  EDTA  were  used  as  a  complexing  agent.  X-ray
diffraction  results  show  that  the  nanoparticles  are  crystalline  in  tetragonal  structure  and  the
presence of  two  phases,  tetragonal  and  hexagonal  phase  for  citrate  mediated  and  EDTA  com-
plexed nanoparticles.  The  SEM  image  shows  spherical  nanoparticles  which  are  non-agglomerated
and highly  dispersible  in  water.  With  the  addition  of  citrate  and  EDTA,  there  is  a  slightly  shift
towards the  lower  wavelength  in  emission  peaks.  A  broad  peak  at 2˜50  nm  is  observed  due  to
the Eu  O  charge  transfer  band  in  the  excitation  spectra.  Emission  intensity  decreases  with
complexing  agent  because  of  decrease  of  particle  size  as  well  as  decrease  of  number  of  Eu3+
activators  per  unit  volume.  The  emission  spectrum  of  Eu3+doped  YPO4 nanoparticles  clearly
shows f—f  transitions  of  Eu3+.
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IntroductionRare  earth  elements  posses  unique  electronic  conﬁguration
where  the  4f  electrons  are  effectively  shielded  by  the  closely
 This article belongs to the special issue on Engineering and Mate-
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ied  5s  and  5p  sub  shells.  Rare  earth  ions  doped  nanoparticles
xhibit  luminescence  properties  due  to  intra  4f  and  4f—5d
ransitions  which  are  less  inﬂuenced  by  the  surrounding  lig-
nds  owing  to  the  shielding  by  the  outer  5s  and  5p  orbital’s
hich  posses  unique  spectroscopic  characteristics  such  as
ich  energy  levels,  long  luminescence  decay  time,  narrow
mission  line  and  high  colour  purity  in  contrast  to  those  of
uantum  dots  and  organic  dyes.  But  the  luminescence  inten-
ity  depends  on  the  size  of  the  nanoparticles  and  the  size
f  the  nanoparticles  depends  on  the  reaction  temperature
Laishram,  2015).
icle under the CC BY-NC-ND license (http://creativecommons.org/
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tigure  1  I:  XRD  pattern  of  (A)  Eu3+ doped  YPO4,  (B)  citrate  m
mage of  Eu3+ doped  YPO4,  III:  EDAX  spectra  of  Eu3+ doped  YPO
Preparation  of  lanthanide  doped  nanoparticles  at  high
emperature  results  in  clustering  of  optically  active  lan-
hanide  ions.  Again  the  agglomeration  of  particles  reduces
he  luminescence  intensity  due  to  cross-relaxation  and  non-
adiative  processes  which  can  be  eliminated  by  adding
apping  agents  and  the  prepared  particles  will  be  re-
ispersible  in  H2O  and  organic  solvent  (Yaiphaba  et  al.,
010,  2016).  And  luminescence  nanoparticles  prepared  in
2O  medium  are  not  advantageous  since  water  molecule
O  H)  surrounding  the  lanthanide  ions  exhibit  most  effec-
ive  quenching  effect  via  coupling  of  the  lanthanide  ions
xcited  state  to  O  H  oscillators  of  H2O  molecules.  The  use
apping  agent  with  short  chain  hydrocarbon  such  as  ethylene
lycol  [HOCH2CH2OH]  is  favoured  in  comparison  with  other
apping  agents  such  as  oleic  acid  and  polyethylene  glycol
Preparation  technique  of  YPO4:5Eu  totally  affect  the
uminescence  properties  because  in  wet  chemical  synthesis
oute,  quenchers  like  OH− adsorbed  on  the  material  sur-
ace  can  get  coordinated  with  the  rare  earth  ions  due  to
hich  decrease  in  emission  intensity  (Dimple  et  al.,  2012).
ut  this  advantageous  cannot  be  arise  in  co-precipitation
ethod,  again  control  of  H2O  molecules  associated  with  any
hase  structure  cannot  be  arise  in  wet  chemical  synthesis
echnique.
With  the  addition  of  EDTA,  there  is  a  slight  shift  towards
he  lower  in  emission  peaks  because  of  decrease  of  particle
ize  as  well  as  decrease  of  number  of  Eu3+ activators  per  unit
olume.  That  means  EDTA  not  only  acts  as  a  capping  agent
ut  help  in  promoting  the  crystal  ﬁeld  splitting.  By  adjusting
he  molar  ratio  mixture,  lead  to  change  of  the  crystal  growth
ate.  Again  by  the  addition  of  trisodium  citrate  (Cit3−) inﬂu-
nced  the  characteristics  of  the  nanoparticles  which  lead
o  slight  shift  towards  the  lower  in  emission  peaks.  Due  to
n  efﬁcient  energy  transfer  PO4 group  to  Eu3+,  YPO4:Eu3+
hosphors  showed  the  strong  characteristic  emission  of  Eu3+
nder  ultraviolet  excitation  and  low  voltage  electron  beam
xcitation.
In  this  study,  we  have  prepared  Eu3+ (5  at%)  doped  YPO4
n  ethylene  glycol  medium  using  a  co  precipitation  method.
he  correlation  among  phase  transformation,  content  of
ater  molecule  and  luminescence  intensity  of  Eu3+ has  been
tudied  using  X-ray  diffraction  (XRD),  infrared  spectroscopy
IR)  and  photoluminescence  (PL).Some  important  results
ave  been  found  that  Eu3+ doped  YPO4 is  purely  tetrago-
al,  citrate  mediated  and  with  EDTA  samples  have  mixture
n
p
c
Ced  Eu3+ doped  YPO4,  (C)  EDTA  capped  Eu3+ doped  YPO4.  II:  SEM
f  both  tetragonal  and  hexagonal  phases  with  lower  shifting
n  emission  intensity.
xperimental
PO4:5Eu,  citrate  mediated  YPO4:5Eu  and  EDTA  complexed
PO4:5Eu  were  prepared  using  co-precipitation  method  with
thylene  glycol  as  a  medium  at  180 ◦C  for  2  h.  In  the  synthe-
is  process  0.0299  g  of  Eu2O2 and  0.5788  g  of  Y2(CO3).xH2O
ere  dissolved  in  1  ml  of  conc.HCl  and  the  excess  HCl
as  removed  by  alternate  heating  and  addition  of  double
istilled  water.100  ml  of  ethylene  glycol  was  added  with
.3915  g  of  NH4H2PO4 followed  by  few  ml  of  freshly  pre-
ared  NaOH  in  order  to  achieve  pH  =  7  and  reﬂuxed  for
 h  at  180 ◦C.  Then  the  resulting  milky  white  precipitate
as  removed  by  centrifugation  by  washing  with  methanol
nd  acetone.  Likewise  for  the  preparation  of  citrate  medi-
ted  YPO4:5Eu  and  EDTA  complexed  YPO4:5Eu,  20  at.%  of
risodium  citrate(Cit3−)/EDTA  with  respect  to  Y2(CO3).xH2O
issolved  in  50  ml  of  double  distilled  water  was  added  to
igested  solution  and  stirred  for  1  h  so  that  complexation
etween  metal  ions  and  Cit3−/EDTA  takes  place.  Samples
ere  characterized  by  using  PAN  analytical  X-pert  Pro  for
heir  crystallite  size  operated  at  30  mA  and  40  kV.  The  inter-
ctions  of  lanthanide  ions  with  host  particle  YPO4 was
tudied  using  FTIR  spectroscopy  (PerkinElmer)  technique
sing  ﬁnely  powdered  samples  directly.  Photoluminescence
tudy  of  the  sample  was  performed  on  Hitachi  F-7000  Flu-
rescence  Spectrophotometer  with  a  Xe  discharge  lamp,
quivalent  to  40  kW.  Morphology  and  composition  of  the  par-
icle  was  studied  by  using  SEM  and  EDAX.
esults and discussions
he  XRD  patterns  of  the  prepared  YPO4:5Eu,  citrate  medi-
ted  YPO4:5Eu  and  EDTA  complexed  YPO4:5Eu  shown  in
ig.  1(i).  It  is  found  that  tetragonal  phase  for  Eu3+ doped
PO4 (JCPDF  11-0254)  .Citrate  mediated  Eu3+doped  YPO4
nd  EDTA  capped  Eu3+ doped  YPO4 shows  the  presence  of
wo  phases:  tetragonal  phase  (JCPDF  11-0254)  and  hexago-
al  phase  (JCPDF  42-0082).  Eu3+ doped  YPO4shows  a  strong
eak  at  (200)  plane  whereas  both  citrate  mediated  and  EDTA
apped  Eu3+ doped  YPO4 shows  a  strong  peak  at  (111)  plane.
alculated  crystalline  sizes  of  Eu3+doped  YPO4 and  citrate
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Figure  3  I:  Excitation  spectra  of  (A)  Eu3+ doped  YPO4, (B)
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YFigure  2  IR  spectra  of  (A)  Eu3+ doped  YPO4,  (B)  citrate  medi-
ated Eu3+ doped  YPO4,  (C)  EDTA  capped  Eu3+ doped  YPO4.
mediated  and  EDTA  capped  Eu3+ doped  YPO4 using  Scherer’s
relation  are  found  to  be  17  nm,  27  nm  and  28  nm  respec-
tively.SEM  image  of  Eu3+ doped  YPO4 shown  in  Fig.  1(ii)  and
the  EDAX  spectra  of  Eu3+ doped  in  YPO4 shown  in  Fig.  1(iii)
which  clearly  depicts  the  presence  of  Y,  P,  O  and  Eu  in  the
prepared  sample.
FTIR  spectra  of  Eu3+ doped  YPO4,  citrate  mediated  Eu3+
doped  YPO4,  EDTA  capped  Eu3+ doped  YPO4 are  shown  in
Fig.  2.  For  Eu3+ doped  YPO4,  the  peaks  at  523,625  cm−1 (due
to  PO43−,3),  peak  at1025  cm−1 (due  to  the  bending  vibration
of  H2O),  peak  at  3355  cm−1,  due  to  the  stretching  vibration
of  H2O  molecule  are  observed  (Barick  et  al.,  2015).  Peak
position  changed  for  citrate  and  EDTA  capped  Eu3+ doped
YPO4,  the  peaks  at  527,616  cm−1 (due  to  PO43−,3),  peaks
at  1032  cm−1 (due  to  PO43−,4),  peak  at  1635  cm−1 (due  to
bending  vibration  of  H2O),  peak  at  3544  cm−1 due  to  stretch-
ing  vibration  of  H2O  molecule  observed  for  citrate  mediated
Eu3+ doped  YPO4 and  EDTA  capped  Eu3+ YPO4.The  broad  peak
at  2140  cm−1 is  due  to  stretching  vibration  of  CH2 group  of
ethylene  glycol  molecule.  And  the  peaks  at  around  1635,
3544  cm−1 are  due  to  bending  and  stretching  vibration  of
O  H  group  of  ethylene  glycol  molecule.  But  the  stretch-
ing  frequency  of  free  O  H  group  is  3650  cm−1 and  the  red
shift  towards  3544  cm−1 indicates  the  presence  of  hydro-
gen  bond  in  ethylene  glycol  .Again  due  to  this  hydrogen
bond,  nanoparticles  are  dispersible  in  polar  solvents  which
indicate  the  presence  of  capping  agents  on  the  surface  of
nanoparticles  (Meitram  et  al.,  2010).
Luminescence study
(i)  Excitation  study:  Fig.  3(i)  represents  excitation  spectra
of  Eu3+ doped  YPO4,  citrate  mediated  Eu3+ doped  YPO4,
EDTA  capped  Eu3+ doped  YPO4.The  excitation  spectra
of  Eu3+ doped  YPO4,  citrate  mediated  Eu3+ doped  YPO4,
EDTA  capped  Eu3+ doped  YPO4 nanoparticles  are  mon-
itored  at  614  nm  emission.  A  broad  peak  at˜250 nm  is
observed  due  to  the  Eu  O  charge  transfer  band.  This
arises  due  to  the  transition  of  2p  electrons  of  O2− to
the  empty  4f  orbitals  of  Eu3+ ions  (Prasada  et  al.,  2013).
Peaks  at  230,315,376,395  nm  for  Eu3+ doped  YPO4, peaks
at  320,362,380,395  nm  for  citrate  mediated  Eu3+ doped
YPO4 and  peaks  at  297,320,379,395  nm  for  EDTA  capped
Eu3+ doped  YPO4 was  observed.
Yitrate mediated  Eu doped  YPO4,  (C)  EDTA  capped  Eu doped
PO4.  II:  Emission  spectra  of  (A)  Eu3+ doped  YPO4,  (B)  citrate
ediated  Eu3+ doped,  (C)  EDTA  capped  Eu3+ doped  YPO4.
ii)  Emission  study:  Fig.  3  (ii)  shows  the  emission  spec-
tra  of  Eu3+ doped  YPO4,  citrate  mediated  Eu3+ doped
YPO4, EDTA  capped  Eu3+ doped  YPO4.  The  characteris-
tics  peaks  corresponding  to  f—f  transition  of  Eu3+ shows
at  595  nm  and  620  nm  are  observed  (Prasada  et  al.,
2013).  But  the  corresponding  peaks  due  to  f—f  transition
shifts  to  593  nm  and  618  nm  for  citrate  mediated  and
to  591  nm  and  615  nm  for  EDTA  capped  YPO4:5Eu.The
electric  dipole  allowed  transition  depends  on  the  sur-
rounding  medium  but  the  magnetic  dipole  transition
does  not  depends  on  the  surrounding  environment.
onclusion
n  this  study  we  successfully  synthesize  Eu3+ doped  YPO4,
itrate  mediated  Eu3+ doped  YPO4 and  EDTA  capped  Eu3+
oped  YPO4 nanoparticles.  The  as  prepared  samples  are
haracterized  by  XRD,  IR,  SEM,  EDAX  and  PL  spectroscopy.
he  average  crystallite  sizes  calculated  from  XRD  are  found
o  be  17,27  and  29  nm  .Eu3+ doped  YPO4, citrate  mediated
u3+ doped  YPO4, EDTA  capped  Eu3+ doped  YPO4 nanopar-
icles  under  394  nm  excitation  is  observed  and  conﬁrmed
hat  by  addition  of  capping  agents,  the  peaks  shifts  to  lower
mission.
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